INTRODUCTION
Agriculture is producing food for the worlds' population and is therefore a sector of vital importance. The amount of food required depends on the size of population and consumption per capita. The FAO (Bruinsma, 2003) estimates that a 50% increase in global food production in the next 30 years is needed to feed the global population. This increase in needs is caused by an increase in the global population (from 6 to 8.3 billion people) and by a change in consumption patterns. The change in consumption includes not only the consumption of more food per person, but also an increase in the consumption of more luxurious products like livestock products as milk and meat. Since it requires 4 kg of wheat (as feed) to produce one kg of pork (Nonhebel, 2004) , the increased consumption of meat requires yet a larger increase in agricultural production.
The present agricultural practices, however, already put an enormous claim on the local and global environments. Agriculture is the main cause for pressures on the environment, including deforestation, loss of biodiversity, land degradation, salinization, over extraction of water, emission of some categories of greenhouse gasses and ammonia, leaching of nitrates etc. The 50% increase in food production without a large increase in environmental impacts will be a challenge for the coming decades.
Food production can occur in very different ways, varying from so called extensive systems, where hardly any external inputs are used to very intensive production systems which require large amounts of external inputs (chemical fertilizers, pesticides, machinery etc.). The extensive systems are characterized by low inputs and low yields per ha and the intensive systems by high inputs and high yields per ha. Different systems have different effects on the environment. Low input systems show low emissions but require vast amounts of land, while the high input systems show large emissions to the environment but require a smaller acreage to produce the same amount of food.
In principle, an increase in food production can be obtained via different routes: increase of the land used for food production or increase in the production per hectare (intensification). The FAO estimates that 80% of the required food 12 production increase will be obtained from intensification, while the other 20% will be obtained through expansion of land use (Bruinsma, 2003) . This implies that with respect to the environmental impacts of increased food production, the environmental effects associated with intensification will be the most important.
To obtain an impression of the possible environmental implications of this increase in global food production, the history of agriculture in Western Europe can serve as an example. In the last 30 years intensification in West European agriculture took place. As a result of the technical improvements in agriculture, the yields per ha nearly doubled (FAO, 2003) . The technical improvements included a variety of activities like improvements of crops through breeding, expanded use of chemical fertilizers and pesticides, better water management, increased knowledge of the farmer etc. However, this yield increase per hectare came along with the increase of the emissions of nitrates and ammonia causing regional eutrophication and acidification.
In the 1980s environmental regulations were introduced in agriculture to reduce its effect on the environment. In The Netherlands, these regulations resulted in a 30% reduction in agricultural emissions of nitrates and ammonia (RIVM, 2001) . This shows that changes in farming practices can lead to a large reduction in emissions.
Agriculture has recently been recognized to be an important source of the greenhouse gasses methane and nitrous oxide. Not much research has yet been done on options to reduce these emissions. The FAO estimates that a 50 percent increase in production will therefore come with a similar magnitude increase in methane and nitrous oxide emissions.
The purpose of this chapter is to inventory options to reduce greenhouse gas emissions related to the production of food. Experience obtained in the past decade with respect to reduction of the nitrate and ammonia emissions shows that such reductions require changes in production techniques and substitution of other resources. These other production techniques may lead to unwanted effects in other parts of the system. To prevent problems arising elsewhere attention must be paid to trade-offs with other environmental themes as well as trade-offs with food security. This chapter will present such an analysis with the situation in the Netherlands used as the starting point.
DESCRIPTION OF THE NETHERLANDS AGRICULTURAL SYSTEM
The Netherlands agricultural system can be characterized as a high input system (large inputs per ha resulting in high yields). The inputs per ha (fertilizers) are the highest in the world, and so are both crop yields per ha, and milk production per cow (LEI, 2003; FAO, 2004) . Agriculture and food production put a large claim on available resources and cause large emissions to the environment. In the Netherlands, about 60% of the land is in use for agricultural production and agriculture is the largest fresh water user. Further, agriculture is the major cause of the eutrophication and acidification problems (RIVM, 2001) . About 90% of the nitrogen and phosphorus emissions originate from agriculture due to
